Knowledge of the elemental abundances of symbiotic giants is essential to address the role of chemical composition in the evolution of symbiotic binaries, to map their parent population, and to trace their mass transfer history. However, there are few symbiotic giants for which the photospheric abundances are fairly well determined. This is the second in a series of papers on chemical composition of symbiotic giants determined from high-resolution (R ∼ 50000) near-IR spectra. Results are presented for the late-type giant star in the AE Ara, BX Mon, KX TrA, and CL Sco systems. Spectrum synthesis employing standard local thermal equilibrium (LTE) analysis and stellar atmosphere models were used to obtain photospheric abundances of CNO and elements around the iron peak (Sc, Ti, Fe, and Ni). Our analysis resulted in sub-solar metallicities in BX Mon, KX TrA, and CL Sco by [Fe/H]∼ −0.3 or −0.5 depending on the value of microturbulence. AE Ara shows metallicity closer to solar by ∼ 0.2 dex. The enrichment in 14 N isotope found in all these objects indicates that the giants have experienced the first dredge-up. In the case of BX Mon first dredge-up is also confirmed by the low 12 C/ 13 C isotopic ratio of ∼8.
INTRODUCTION
Symbiotic stars are long-period binary systems composed of two evolved and strongly interacting stars: a red giant donor and a hot luminous white dwarf companion (occasionally replaced by a neutron star) surrounded by an ionized nebula. Mass exchange between the binary system members is critical in defining their evolution. Mass-loss from the giant undergoes accretion to the compact object via wind and/or Roche lobe overflow (Podsiadlowski & Mohamed 2007 , Mikołajewska 2012 resulting in the formation of an accretion disc and jet (Solf & Ulrich 1985 , Tomov 2003 , Angeloni et al. 2011 ). The hot companion had previously passed through a red giant stage. In the previous red giant stage mass was transferred from this star to the star that is currently a red giant. Abundance signatures tracing this mass transfer process have been measured in some red giant-white dwarf binary systems (Smith & Lambert 1988) . In some cases the mass transfer process can result in symbiotic progenitors for supernovea Type Ia (SNe Ia). Symbiotic systems are believed responsible for between a few per cent to 30 per cent of SNe Ia events (Dilday et al. 2012 , Mikołajewska 2012 .
The complex structure with many types of interactions make symbiotic stars excellent laboratories for studying various aspects of red giant branch (RGB)/ asymptotic giant branch (AGB) bi-⋆ E-mail: cgalan@camk.edu.pl nary evolution. Knowledge of the chemical composition in symbiotic giant's atmospheres can be used to track the mass exchange history as well as the population origin of the stellar material. However, reliable determinations of photospheric compositions exist for only a small number of objects, mostly G-or K-type giants, whereas the vast majority of symbiotic stars contain M-type giants. Prior to the current series of papers only four M giants in S-type symbiotic systems had been analysed in the literature: V2116 Oph , T CrB, RS Oph (Wallerstein et al. 2008) , and CH Cyg (Schmidt et al. 2006 ). All of them had solar or nearly solar metallicities. The rarer symbiotic stars containing K-type giants are metal-poor with s-process elements overabundant (Smith et al. 1996 (Smith et al. , 1997 Pereira et al. 1998; Pereira & Roig 2009 ) whereas those with G-type giants have solar metallicity and s-process enhancement (Smith et al. 2001a; Pereira et al. 2005) . This is the second in a series of papers on the chemical abundance analysis of the symbiotic giants. Mikołajewska et al. (2014, hereafter Paper I) discuss additional motivations for this work as well as the abundance analysis for the M star in two classical S-type symbiotic systems, RW Hya and SY Mus. In this paper, we obtain photospheric abundances for the M giant in four more symbiotic systems: AE Ara, BX Mon, KX TrA, and CL Sco. We also make a concise comparative analysis of our present and previous results. b Orbital phase calculated from the following ephemerides: AE Ara 2453449+803.4×E (Fekel et al. 2010) , BX Mon 2449796+1259×E (Fekel et al. 2000) , KX TrA 2453053+1350×E (Ferrer et al. 2003) , CL Sco 2452018+625×E (Fekel et al. 2007 ). The zero-point corresponds to the inferior conjunction of the red giant. <3500 <3500 <3500 3500-3600 log g [7] <0.39 <0.39 <0.39 ∼0.49
References: spectral types are from [1] Mürset & Schmid (1999) , total Galactic extinction adopted according to [6] Schlafly & Finkbeiner (2011) and Schlegel et al. (1998) , infrared colours are from 2MASS [4] (Phillips 2007) transformed to [5] Bessell & Brett (1988) Richichi et al. (1999) , [3] Van Belle et al. (1999) , [7] Kucinskas et al. (2005) . a : adopted.
b : based on known radii and/or pulsation properties.
OBSERVATIONS AND DATA REDUCTION
High-resolution (R = λ/∆λ ∼ 50000), high-S/N ratio ( 100), near-IR spectra were observed with the Phoenix cryogenic echelle spectrometer on the 8 m Gemini South telescope in [2003] [2004] [2005] [2006] . All the spectra cover narrow spectral intervals (∼100Å) located in the H and K photometric bands at mean wavelengths 1.563, 2.225, and 2.361 µm (hereafter H, K, and K r -band spectra, respectively). The H-band spectra contain molecular CO and OH lines and K-band spectra CN lines. In both these ranges numerous, strong atomic lines are present. These lines were used to determine abundances of carbon, nitrogen, and oxygen and elements around the iron peak: Sc, Ti, Fe, Ni. The K r -band spectra are dominated by strong CO features that enable measurement of the 12 C/ 13 C isotopic ratio. The spectra were extracted and wavelength calibrated using standard reduction techniques (Joyce 1992) . The wavelength scales of all spectra were heliocentric corrected. In all cases, telluric lines were either not present in the interval observed or were removed by reference to a hot standard star. The Gaussian instrumental profile is in all cases about 6 km s −1 FWHM (full width at half-maximum) corresponding to instrumental profiles of 0.31, 0.44, and 0.47Å in the case of the H-, K-, and K r -band spectra, respectively. The journal of our spectroscopic observations is given in the Table 1 .
METHODS
Abundance analyses were performed by fitting synthetic spectra to the observed spectra using the same methods adopted in Paper I for the analyses of RW Hya and SY Mus. The technique is very similar to that used by Schmidt et al. (2006) in determining the CH Cyg abundances. Standard LTE analysis and MARCS model atmospheres by Gustafsson et al. (2008) were used for the spectral synthesis. The code WIDMO developed by Schmidt et al. (2006) , was used to calculate synthetic spectra over the entire observed spectral region. To perform the χ 2 minimization a special overlay was developed on the WIDMO code with use of the simplex algorithm (Brandt 1998) . This procedure enables an improvement of the computation efficiency by a factor of ten. The atomic data were taken from the VALD database (Kupka et al. 1999) in the case of Kand K r -band regions and from the list given by Mélendez & Barbuy (1999) for the H-band region. For the molecular data we used the lists for CO and Kurucz (1999) for 12 CN and OH. The complete list of the lines selected for our abundance analysis with excitation potentials (EP) and g f -values is shown in Tables B1 and B2 in the online Appendix B.
The input effective temperatures T eff were estimated (Table 2 ) from the known spectral types (Mürset & Schmid 1999) adopting the calibrations by Richichi et al. (1999) and Van Belle et al. (1999) . The infrared intrinsic colours derived from the 2MASS (Phillips 2007 ) magnitudes and colour excesses (Schlafly & Finkbeiner 2011 , Schlegel et al. 1998 ) combined with the Kucinskas et al. (2005) T eff -log g-colour relation for late-type giants resulted in surface gravities and effective temperatures that are in good agreement with those from the spectral types. The adopted model atmospheres had effective temperatures T eff = 3300 K for AE Ara and KX TrA and 3400 K for CL Sco and BX Mon. log g = 0 with the exception of CL Sco where log g was set to 0.5. It is difficult to estimate uncertainty in the adopted log g, however, it should not be larger than ∼ 0.5 which is the resolution of the MARCS model atmosphere grid used in our calculation. In the case of BX Mon, an additional constraint on the log g can be obtained using the red giant mass, M g = 3.7 ± 1.9 M⊙, and radius, R g = 160 ± 50 R⊙ derived by Dumm et al. (1998) . The resulting log g = 0.6 +0.5 −0.6 . Using the significantly improved orbital solution (Brandi 2009 ), the red giant mass is M g ∼ 1.5 M⊙, and the resulting log g ∼ 0.2, in good agreement with the value(s) adopted in our study. The macroturbulence velocity ζ t was set at 3 km/s, a value typical for the cool red giants (e.g. Fekel et al. 2003) .
To obtain radial and rotational velocities, we used a crosscorrelation technique similar to that adopted by Carlberg et al. (2011) but using synthetic spectra as the templates. The method is described in detail in Paper I and the obtained values are presented in Table 1 . The rotational velocities were additionally estimated (Table 3 ) via direct measurement of the FWHM of the six relatively strong unblended atomic lines (Ti i, Fe i, Sc i) present in the K-band region. The same lines were used by Fekel et al. (2003) to measure the rotational velocities in roughly a dozen symbiotic systems. We used the radial velocities obtained by cross-correlation (Table 1 ) and rotational velocities obtained from atomic lines in Kband spectra (Table 3 ) as fixed parameters in our solutions.
A detailed description of the methods used to estimate the input parameters and to derive the abundance solution was presented in Paper I. A brief outline follows. Values of the abundance parameters (C, N, O, Sc, Ti, Fe, Ni) were initially set to the solar composition (Asplund et al. 2009 ). Abundances of the oxygen, carbon, nitrogen, and iron peak elements were adjusted by fitting by eye, alternately from the OH, CO, CN, and atomic lines, over several iterations. Next, the initial grid of the n+1, n dimensional sets of free parameters, the so-called simplex needed for the simplex algorithm, was prepared. Nine different simplexes were used with different microturbulent velocity ξ t values sampled in the range 1.2-2.6 km/s to obtain best fits to H-and K-band spectra. For three objects (AE Ara, KX TrA, and CL Sco) for which we do not have the K r -band spectrum the 12 C/ 13 C isotopic ratio was set to 8, a value close to the average for our objects with known isotopic ratios. For BX Mon after we found the sets of parameters that give the best fit to the Hand K-band spectra, we applied these abundances to the K r -band (Table 4) . spectrum as a fixed parameter and searched for 12 C/ 13 C isotopic ratio. After obtaining the optimal fit, we made a reconciliation of 12 C and 12 C/ 13 C in three iterations. (Table 4) . Table 5 . Sensitivity of abundances to uncertainties in the stellar parameters tio 12 C/ 13 C (only in the case of BX Mon), microturbulences, ξ t , and projected rotational velocities, V rot sin i. The abundance of scandium is based on only one strong Sc i line at λ ∼ 22272.8Å and may be less reliable than other abundances presumably due to the broadening of the infrared scandium lines by hyperfine structure that has not been included in the analysis (see Paper I). The synthetic fits to the observed spectra of BX Mon are shown in Figures 1-3 , where the molecular (OH, CO, CN) and atomic (Sc i, Ti i, Fe i, Ni i) lines used in the solution of the chemical composition are identified by ticks. Synthetic fits to the observed spectra of AE Ara, KX TrA, and CL Sco in H-and K-band regions are shown in Figures A1-A6 in the online Appendix A.
RESULTS
We also made fits with MARCS atmosphere models varying the effective temperatures by ±100 K, log g by ±0.5, and the microturbulence (ξ t ) by ±0.5 to estimate the sensitivity of abundances to uncertainties in stellar parameters. In the case of AE Ara and CL Sco additional fits were also made using models with [Fe/H] different by +0.25. The changes in the abundance for each element as a function of each model parameter are listed in Table 5 . Uncertainties in the stellar parameters have a stronger impact on the uncertainty of the derived chemical composition than the uncertainties from fitting the synthetic spectrum.
In our solution, the microturbulence velocity was treated as free parameter. In all cases, we obtained microturbulence values close to 2. Abundances of some elements strongly depend on the microturbulence value. Smith et al. (2002) showed that for red giants microturbulence is correlated with bolometric magnitudes. We repeated the analysis for BX Mon, AE Ara, KX TrA, and CL Sco adopting the microturbulence values, 2.5, 2.5, 2.5, and 2.3, respectively, corresponding to their bolometric magnitudes ( Table 2 ). The resulting abundances and their sensitivity on the changes in the stellar parameters are presented in Tables 6 and 7 , respectively. These new abundances are shifted towards somewhat lower (by ∼ 0.2 dex) metallicities. In particular, for all objects we obtained sub-solar metallicities, [Fe/H] ∼ −0.3 to −0.55. For BX Mon, we also calculated abundances for log g = +0.5.
DISCUSSION
Here, we present the first ever analysis of the photospheric chemical abundances (CNO and elements around the iron peak: Sc, Ti, Fe, and Ni) for four classical S-type symbiotic systems: AE Ara, BX Mon, KX TrA, and CL Sco. Our analysis reveals an approximately solar metallicity for AE Ara and slightly sub-solar metallicities ([Fe/H] ∼ −0.3) for BX Mon, KX TrA, and CL Sco. The CNO abundances are similar to typical values derived for single Galactic M giants. In particular, they all show carbon depletion and nitrogen enhancement (Smith & Lambert 1990) . The ratio of 12 C/ 13 C ∼ 8 obtained for BX Mon is very similar to the values of 12 C/ 13 C ∼ 6 and 10 derived for RW Hya and SY Mus (Paper I). The CNO values and isotopic ratios indicate that the red giants in these systems have experienced the first dredge-up.
Relative abundances of C/N/O for these systems were previously derived based on nebular emission lines in ultraviolet spectra by Nussbaumer et al. (1988) and Pereira (1995) . Pereira (1995) also estimated Fe/O from optical emission lines. A comparison of these estimates with our present results and those from Paper I is shown in Table 8 . The abundances from emission lines should be most reliable when based on spectra taken during superior conjunction of the cool giant (φ ∼ 0.5) when the hot component and the nebula are visible in front of the giant. This was the case for KX TrA, AE Ara, and BX Mon and perhaps SY Mus. The C/O ratios obtained using emission line technique are in fairly good agreement with our photospheric values especially for KX TrA and AE Ara. For the other objects the differences are bigger. In the case of BX Mon, the difference is likely due to poor quality of the IUE spectrum used by Nussbaumer et al. (1988) . The IUE spectra of CL Sco and RW Hya were taken relatively close to the inferior conjunction of the red giant when the emission lines are affected by eclipse and Rayleigh scattering effects. Nussbaumer et al. (1988) also noted that their method may systematically underestimate the C and O abundances relative to the N abundance and this effect in the worst cases may reach 30 per cent. The elemental abundances of the symbiotic giants summarized in Table 9 can be used to address evolutionary status and to associate symbiotic systems with stellar populations of the Milky Way. In particular the C and N abundances are very good monitors of dredge-up on the RGB provided that only the CN cycle has operated significantly in the dredged material. In such a case, the total number of C+N nuclei should be conserved since 12 C will be converted to 14 N. Cunha & Smith (2006) showed that the Galactic bulge giants behave in good agreement with the simple CN mixing picture. Paper I demonstrated the same behaviour of the red giants in RW Hya, SY Mus, and CH Cyg. Fig. 4 show the 14 N versus 12 C abundances for the symbiotic sample so far analysed. All symbiotic giants fall into the 14 N-enhanced zone providing a very strong indication that they have experienced the first dredge-up. This is also confirmed by the low 12 C/ 13 C isotopic ratios for those stars with measured values.
Thus, we can assume, as did Cunha & Smith (2006) for their sample of the bulge giants, that the O and Fe and other elemental abundances roughly represent the original values with which the symbiotic stars were born. These abundances can then be used to identify the parent Galactic population. The ratio of α-elements (e.g. O and Ti in our study) to Fe is of particular importance because the α-element originate mostly from massive stars and SNe II, and they are produced over relatively short time-scales whereas Fe is most effectively produced in SNe Ia over much longer Nussbaumer et al. (1988) .
a Orbital phase the same as in Table 1 , and table 2 in Paper I. The thin and thick disc samples contain only those objects with membership confirmed by their kinematic characteristics. Finally, the 'field star' group represents the objects for which there is no kinematic information about their population membership. It may contain stars from all Galactic populations but it seems to be dominated by the thin disc members. The position in the [O/Fe]-[Fe/H] plane of the objects studied here can be related to membership in Galactic populations. Most appear to belong to the Galactic disc or bulge while the position of RW Hya supports its membership in the extended thickdisc/halo population. Additional independent methods, e.g. simultaneous kinematic studies on the Toomre diagram (Feltzing et al. 2003; Gałan et al. 2014) , are necessary to sort out this question. Such studies will be performed in the near future on a more statistically significant sample.
In the process of fitting the synthetic spectra we measured radial and rotational velocities for the programme stars (Tables 1 and 3). Radial velocities obtained for three objects, AE Ara, BX Mon, and CL Sco, using cross-correlation techniques are consistent with recent spectroscopic orbits published for these stars. Radial velocities obtained for AE Ara are in agreement with results obtained with the same spectra by Fekel et al. (2010) with discrepancies no larger than 2 km s −1 . Residuals calculated by Fekel et al. (2010) from the synthetic orbit are within the range ∼1.5-2 km s −1 . Similarly the radial velocities obtained for CL Sco agree with values obtained by the Fekel et al. (2007) with the same spectra with differences in the range ∼0.2-2.3 km s −1 . Residuals from the synthetic orbit calculated by Fekel et al. (2007) have values between ∼1-and 3 km s −1 . Radial velocities obtained for BX Mon are in accord with synthetic radial velocities predicted from the orbit of Fekel et al. (2000) with an accuracy generally better than ∼2 km s −1 . In the case of KX TrA, however, we could not achieve agreement with published orbits. The range of the velocities measured by us, -122 to -126 km s −1 , is covered by the γ velocity of -123.7 km s −1 and K of 6.8 km s −1 found by Ferrer et al. (2003) but computed versus observed velocities are not consistent with an orbital period of 1350 d. The orbit of Harries & Howarth (2000) from spectropolarimetric observation is similar to that of Ferrer et al. (2003) . The Marchiano et al. (2008) orbit is similar but the 1916 d period is significantly longer. Further study and possibly recalculation with another period is needed.
Giants in symbiotic stars are characterized with large rotational velocities and in all the systems studied by us so far V rot sin i makes the largest contribution to the physical line broadening. The rotational velocities obtained with the cross-correlation method generally have smaller values than obtained with FWHM method (Tables 1 and 3 ). The rotational velocities obtained from strongly blended spectra with strong molecular lines (like H-band spectra) appear to be significantly underestimated, and the use of rotational velocities as a free parameters does not lead to significant differences in obtained values of the rotational velocities and abundances (Paper I). Therefore, our analysis used velocities obtained with FWHM method that gives more self-consistent results in accord with those obtained from the same spectra with crosscorrelation method.
CONCLUSIONS
We have performed a detailed analysis of the photospheric abundances of CNO and elements around the iron peak (Sc, Ti, Fe, and Ni) for the red giant components of the S-type symbiotic binaries: AE Ara, BX Mon, KX TrA, and CL Sco. Our analysis revealed a near-solar metallicity for AE Ara, and slightly sub-solar metallicities ([Fe/H]∼ −0.3) for BX Mon, KX TrA, and CL Sco. However, the metallicities are lower by ∼ 0.2 dex when the microturbulence values were estimated from bolometric magnitudes instead of keeping the microturbulence as a free parameter. The enrichment in 14 N isotope obtained for all these objects indicates that the giants have experienced the first dredge-up which is also confirmed by the very low 12 C/ 13 C isotopic ratio ∼8 obtained for BX Mon. (Table 4) .
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